The deformation of partially molten mantle in tectonic environments can lead to exotic structures, which potentially affect both melt and plate-boundary focussing. Examples of such structures are found in laboratory deformation experiments on partially molten rocks. Simple-shear and torsion experiments demonstrate the formation of concentrated melt bands at angles of around 20
Introduction 1
While mantle melting only occurs within a small volume of the Earth, it plays a dis- while α = N 4πr 2 /δV ; in the same vein, the average curvature of this interface would be 51 dα/dφ = (dα/dr)/(dφ/dr) = 2/r as expected.
52
However if the mixture has sharp gradients in fluid fraction ∇φ, then the gradient 53 region itself can appear as an effective or diffuse interface. Sun and Beckermann (2004) 54 consider a diffuse interface in a mixture and invoke the formalism of phase-field theory 55 (Anderson et al., 1998; Chen, 2002; Moelans et al., 2008) to propose an adjusted model for 56 interface density and curvature. We appeal to some of their concepts but diverge in other 57 respects. One important deviation is that phase-field theory only has interfaces defined by 58 gradients in the phase variable, while we have both a background interface from a more 59 homogeneous distribution of phases (i.e., bubbles and grains) in addition to an effective 60 diffuse interface caused by sharp gradients in the fluid volume fraction.
61
Although the interface density α may be affected by a diffuse interface, only the curva-62 ture appears in the dynamics and thus we need only specify how dα/dφ is altered. Indeed 63 as shown in §Appendix A, we infer an effective curvature
where A is the microscopic (pore and grain) scale interface area, which we assume is only a can resemble a macroscopic bubble wall separating low and high porosity regions, which 70 then has a net effective surface tension on it. However, there is a continuum of coherent 71 structures between weak gradients for which the diffuse interface will barely register, to
72
sharper ones. Indeed, since A is a large zeroth-order term, the diffuse interface curvature 73 term only becomes important for sharp gradients in φ. Equation (1) 
where v i is the velocity of phase i. Summing these equations and noting that i φ i = 1,
88
we arrive at
89
∇ ·v = 0 (3) wherev = i φ i v i . We can also define the unsubscripted φ = φ 1 as the volume fraction 90 of the minor phase, here the fluid or melt phase. We also define the unsubscripted v = v 2 91 as the velocity of the solid or matrix phase, and ∆v = v 2 − v 1 as the phase separation 92 velocity. We can hence recast (2) and (3) as
and
where D/Dt = ∂/∂t + v · ∇ is the material derivative in the matrix frame of reference. 
Dynamics

96
The conservation of momentum in a creeping two-phase medium is generally pre-97 scribed (following Bercovici and Ricard, 2003 Ricard, , 2012 )
where we neglect gravity for the application at hand, and where the internal pressure on 99 phase i is Π i , τ i is the deviatoric stress tensor in phase i, phase density is ρ i , c is the 100 coefficient of drag between phases, ∆Π = Π 2 −Π 1 , γ is the surface tension on the interface 101 between phases, α is again the interface density, and ω i is a weighting factor (such that 
Constitutive laws and rheology
Since phase 1 is a melt we assume τ 1 ≈ 0 and ω 1 = 0 (Bercovici and Ricard, 2003) .
106
The matrix deviatoric stress is thus denoted as τ = τ 2 and given by
where µ is the matrix viscosity, andε is the matrix deviatoric strain-rate tensor, 2006), we allow that (1 − φ)µ is an effective viscosity given generally by
where n is a true or effective power-law index, b is a constant, φ 0 is a reference melt fraction,
:ε is the 2nd strain-rate invariant, which has a reference or imposed value 
117
The constitutive law for the pressure difference across the interface is given by (Bercovici
118
and Ricard, 2003) 119
where the 2nd term on the right accounts for viscous resistance to matrix compaction, thus
120
B is akin to the effective bulk viscosity invoked by McKenzie (1984) , and is in general a 121 function of φ.
122
The interface drag coefficient is denoted by c and is typically proportional to the ratio of 123 melt viscosity to matrix permeability; however, for the sake of simplicity there is no need 124 to introduce a new variable yet, and we merely need to note that c is also a function of φ. 
where we define B = (1 − φ) 2 B(φ). Using the arguments outlined in §2.1, the last term on 132 the right of (11) is
The first term on the right side of (12) provides an effective pressure gradient due to vari- However the nonlinear contributions to this effect, in particular the third term on the right 146 of (12), do not influence the linear stability analysis presented herein. plane, in which case, the dependent variables become become, after some algebra
∂y 2 , and 
where we define Q = b/Γ (see Figure 1 ). Here we have neglected the advection term 
188
The influence of shear deformation is represented in the numerator of (18) 
196
Here we assume A 0 > for the wetting case, which is typical of partial melts (Parsons et al., rate is necessarily maximum at θ = π/4 (i.e., bands at 45
• angles), and thus
Marginal stability occurs for s = 0, which implies a critical value of Q = 1 + Dk 2 above 212 which perturbations are unstable. The least stable mode, for which ds/dk 2 = 0, occurs at as influence of q = 0, for which the least stable mode does not occur at θ = π/4.
222
For the general case of q = 0 and arbitrary fixed θ, the least stable mode is given by
where we have defined 224 S = sin(2θ) and
(see Figure 2) . Again, taking the asymptotic limits Q 1 and D 1, and in addition and
(see Figure 2 ).
228
The dependences on θ and q = 1 − 1/n for both k m and s m are contained in the ratio sin −1 (± 1/(n − 1)), which is effectively the same result as found
231
by Katz et al. (2006) . At this value of θ m , S/C 2 = n/(2 √ n − 1), which is typically O(1).
232
For example, using n = 4, θ m ≈ 18
• and 72
• (e.g., see Figure 2 ) and S/C 2 = 2/ √ 3 ≈ 1. proportional.
311
In the end, the very small experimental melt-band length scales are predicted by our sharp gradient in φ and seek the effective interface curvature near this structure (see Figure   336 A.1).
337
Curvature of an interface with unit normaln is simply ∇ ·n; here we definen to 
interface asκ = κ|∇Θ| / |∇Θ| where q is the volume average of any quantity q over 342 a control volume δV , as described in (A.1). The mean curvature is thus
where we have used (A.1) to introduce the factor of 1/A. We now consider the two terms 
351
In total, the microscopic contribution to the mean curvatureκ is simply 2/a, but only the 352 second term on the far right of (A.3) contributes to the mean microscopic curvature.
353
In the vicinity of a coherent structure with a sharp gradient in φ, ∇ 2 Θ = ∇ 2 φ (pro- 
